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Introduction

Cysticfibrosis(CF) is the mostcommonlife threateningautosomatecessivedisordercaused
by mutationsin the cysticfibrosistransmembrangconductancejegulator(CFTR) geneThe
CFTRprotein,whichis essentiain the regulationof chlorideandsodiumtransportin epithe-
lial cells[1], is highly expressedn the apicalsurfaceof intestinalepithelialcells pancreatic
ductalcells,andcholangiocyted bile ductswhichin the healthytransportions,bicarbonate
andfluid to theorganslumen(2]. Thus,CFTRdysfunctionresultsin viscouduminal secre-
tions obstructingthe bile and pancreatiaductsaswell astheintestine[3]. Theresultinggastro-
intestinal(Gl) manifestationsncludepancreatidnsufficiency(Pl), meconiumileus(Ml),
distalintestinalobstructionsyndrome(DIOS), and biliary tract complicationswvhich canlead
to cirrhosisandhepaticfailure[4]. TypicalresultingGl symptomsarefrequentandvolumi-
nousgreasystools flatulence abdominalbloating,constipation,abdominalpain,animpaired
nutritional statusaswell asfailureto thrive. EventhoughGl symptomsareahallmarkof CF
[5+7], oftenleadingto diagnosif theinherited diseasetheyarestill insufficientlyunderstood
for why deepeiinvestigationsnto theabdominalinvolvementin CFareneeded?]. Moreover,
with enhancedurvivaldueto improvedtherapeuticoptionsandpatientmanagementomor-
biditiesof the GI, hepatobiliaryand pancreatidractareof increasingclinical andscientific
interest.However becausef the complexinteractionof avarietyof dysfunctioningorgans,
medicinaleffectsandevenpsychosocidiactors(Fig 1), the differentiationof the multitude of
abdominalsymptomsconstitutesamajor challenge.

Interestingly previousstudiesassessinthie generasymptomof painin CFindicatethatits
mostcommonlocationwasthe abdomer8+11].Neverthelessnostof thesestudiesdid not
differentiateabdominalpain e.g.regardingfrequencyjntensityandlocation,andthusfailed
to specifythe origin of GI symptomatologyndits clinicalassociationdn arecentsystematic
review,16studiesnvestigatingpainin CFwereevaluated12]. Eightof themreportedoccur-
rencef abdominalpainin CF,with ahigh variancerangingbetweer?21%and 60%of the
assessedF patientswhile only fewstudiesmeasuregain intensity. This mostlywasnot spe-
cific for theabdominalregionandbasedn singleitemsscalege.g.anumericalrating scale).
It hasbeenrecognizedhat abdominalsymptomselevantlyimpair healthrelatedquality of
life (HRQoL) by affectingCF patients'daily activitiesaswell astheir emotional,socialand
physicafunctioning [13]. Yet,only onestudyfocusedon reporting prevalencef recurrent
abdominalpainin CF[14].

Recendevelopmentsf smallmoleculeghat potentiateor correctdefectiveCFTRprotein
function entailaneedto assesshangesn abdominalinvolvementby the newsystemic
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Fig 1. Multifact orial causes of abdomi nal sympto ms in CF. CFLD—CF-associated liver disease, CFRD-CF-related diabetes, DIOS—distal intestinal
obstruction syndrome, GERD—gastroesophageal reflux disease, Ml-meconium ileus, Pl-pancreatic insufficiency.
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treatmentMostinterestinglyin somemutations(e.g.G551D) CFTRmodulatorsevenallow
restorationof pancreatidunction in somepatients15,16]andtheyprocuredatrend towards
normalizationof sweatestg17,18].Beside®mutcomemeasureacquiredby laboratory radio-
logicalandelectrophysiologidanethodsthe Foodand Drug Administration (FDA) encour-
agesheusagef patientreportedoutcomemeasure$PROM) suchassymptom
guestionnairesissupportivetoolsor evenendpointmeasuren clinicaltrials and offersguid-
ancefor their developmenil19].

Aim of the presentstudywasto obtainstructuredanddetailedinformation on Gl involve-
mentandsymptomswith anewpilot scorespecificallydesignedor assessmeif abdominal
involvementin CF patients(JenAbdomen-CIScorel.0)andrelateresultsto clinicalandlabo-
ratory findings, history,and CFTR genotype.
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Materials and methods
Ethical statement

This studyhasbeenconductedn strict accordancevith the ethicalguidelinesn the Declara-
tion of Helsinki andit wasapprovedy the JendJniversityethicscommittee(registration
number4458-06/15)All patientsaged>18y andparentsof minors providedwritten
informed consent.

Patients

Theprospectivestudywasperformedincluding CF patientsof all agesat the JenaJniversity
Hospital CF Center.Inclusioncriteriawere:(1) adiagnosiof CFdeterminedby asweatchlo-
ride of >60mEg/L and/or (2) detectionof 2 diseaseausingCFTR mutationswith evidenceof
organinvolvement.

Evaluation of the score

ThenoveldJenAbdomen-CIScorel.0wasdesignedtonsideringhe recommendationgiven
by the FDA for developmenbf aPROM[19] including in-depthinterviewswith patients|it-
eraturereviewsand physicianexpertopinions.During routine presentatiorin our outpatient
clinic, patientsand/or the guardianscompleteda questionnaireconsistingof 17items(Fig 2,
S1Table)to measuraghe Gl symptomsduring the previousthreemonthsgroupedinto thefol-
lowing four domains:

1. abdominalpain,
2. non-painsymptoms,
3. subjectiveevaluatiorof the fecesfrequencyform andcolor,and

4. disordersof eatingandappetite.

1. Theabdominalpain domainconsistof threeitemswhich assesBequencyijntensity,and
duration of abdominalpain.In addition,oneitem regardingthe intensityof pain during
bowelmovementavasevaluatedPainfrequencywasmeasuredisingalLikert-typescale
[20], with sixrespons@ptionsrangingfrom “neverAOpts)to "dailyA5pts).Painintensity
wasassessaasingawell-validatedvisual AnalogueScalgVAS) [21], which consistof an
11-pointscaleangingfrom 0to 10with aserief sixemotionexpressindacesanchored
ateitherendby "nopainA(Opts)to ‘worstpain everA5pts;2 VAS stepseach) The duration
of experienceébdominalpain wasassesseuly offeringsix optionsrangingfrom “0Omin-
utesAOpts)to “morethan 360minutesA5pts).In addition, weaskedor the location,aggra-
vatingandalleviatingfactors copingstrategiessadiation,onsetand quality of abdominal
pain.Locationof the abdominalpain wasmarkedon awell-validatecbodyoutline adapted
from Savedratal.[22] displayingananteriorand posteriorviewof the abdomenCoding
of bodylocationwasconductedusingthe nine quadrantsof abdomenincluding: hypo-
chondriac(right andleft); epigastriclumbar (right andleft); umbilical;iliac (right andleft)
andhypogastriaegions Cut-off pointsfor mild (VAS <3), moderateg(VAS 3+5)andsevere
(VAS >5) abdominalpainwasgivenaccordingto Kainzwaldneretal.[23].

2. Thenon-painsymptomsconsistof 8 itemswhich includeflatulence abdominaldistention,
constipation hauseayomiting, heartburn fatty stools,andreflux of stomachcontent.Each
symptomwasmeasuredvith a6-point rating scaleanchoredat eitherendby “notatallA
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Fig 2. Pain and non-pain symptoms of the JenAb domen-CF Score 1.0. to some extend additionally related to pain symptoms.
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(Opts)to “alwaysfbpts)atthe otherend,excepfor fatty stoolsthat wasassessely a binary
response:noAOpts)and yesA5pts).

. Theconsistencyf stool(oneitem) wasevaluatedisingan adaptationof the well-validated

Bristol StoolForm Scalg24,25]classifiednto sevenypes(typel+2= hard;type3+4=formed,;
type5+7= soft).Zeropointsweregivenfor this item by aformedstoolconsistency] point
for ahard stoolconsistency3 pointsfor both hard and softstoolconsistencynd5 pointsfor
asoftstoolconsistencyThepatient'sstoolcolor (oneitem) wasassessaasingamodified
StoolColor Cardfor the screeningf biliary atresiaby addition of five from brown to black,
tarry stoolcolorsadaptedrom Gu etal.[26] with 12 consecutivgicturesrangingfrom pale
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to tarry stools(1+3= pale;4+11= normal; 12= tarry). For this scoring,0 pointsweregiven
for anormal color, 5 pointsfor apalecolorand 3 pointsfor atarry color.

4. Disordersof eatingandappetitewereassesseguestioningthe following threeitems:lack
of appetiteossof taste and needfor aforcedfeeding(by the patienthimselfor by others).
Thefirst two itemsweremeasuredn a6-point rating scaleanchoredat eitherendby “not
atallA(Opts)to “alwaysfpts),respectivelyThelastitem wasevaluatedy a binary
response:noAOpts)and yesA5pts).A total of 17 itemswereevaluatedsothatthe sumof
obtainedpointscouldrangefrom 0to 85 pointswith higherratesfor increasingseverityof
Gl symptomsAbdomenscoresverecomparedwith eachotherandgastrointestinaCF
manifestationshistory of surgerythe nutritional status CFTR genotypeliver function test
(LFT) including alanineaminotransferas@ALT), aspartat@aminotransferaséAST),
gamma-glutamytranspeptidaséGGT), total bilirubin (BIL), andalkalinephosphatase
(ALP),adherencdo pancreagnzymentake (self-reported)antibiotic therapy weight
(AWtP), height(AHtP) and BMI (ABMIP) percentileshangedn the previous3,12,and24
monthsfor patients<18yrsandABMI in the previous3, 12,and 24 monthsin adults,lung
function including FEV1%andairwaycolonizationwith P. aeruginosa (PsA)and/or S.
aureus (SA).

Classification of CFTR genotype

Therecentlyestablisheghancreatidnsufficiencyprevalencé€PIP) scoreg27] wereusedto
measureahe severityof specificCFTR mutationsin regardto pancreatidunction. The PIP
scoreis calculatecdhsthe proportion of Pl amongall patients(Pl and non-Pl) carryingthe
sameCF-causingnutationin ahomozygou®r in aheterozygoustatejn thelattercasecon-
sideringthe lowerPIPvaluefor both allelesTheterm “genotypetereforerefersto the combi-
nation of CFTR mutationson both allelesaccountingfor the milder of both allelesor
characterizatiorof the PIP score[28]. Accordingto the CanadianConsortiumfor CF Genetic
Studie CCCFGS)CF mutationsareclassifiedcas mildAregardingpancreatignvolvement
whenPIPis <0.25andas moderate-severaenPIPis >0.25 The patientscarryingatleast
onemutation not reportedfrom Ooi that could not beattributedto aspecificPIP scorewere
excludedrom the genotypeanalysig15/131patientsin the JenaCFcenter).

Measures of clinical data

Demographicglinical,andlaboratorydatawereobtainedfrom the charts.Nutritional failure
wasdefinedaccordingto the 2002CysticFibrosisFoundation(CFF)criteria[29]. Specifically,
weight-for-heightpercentile(WHp) <10" for age+2y, or bodymassndexpercentile
(BMIp) <10" for age2+20y wereusedto identify underweightBMI wascalculatedas
[weightin kilograms/(heighin meters§]. Age-andgender-specifipercentilegor BMI
(BMlp), weight(Wtp) andheight(Htp) wereclassifiedaccordingto thelongitudinallocal
anthropomorphicdatafrom Jenaobtainedby Krohmeyer-Hauschd [30]. Changesn Wip,
Htp andBMIp werecalculatedy subtractingbaselindrom valuesn the previous3, 12,and
24months,thusanegativevaluecorrespondedo adecreasé Wtp, Htp, andBMIp anda
positivevalueto anincreaseof those A potentiallyclinically significant(PCS)LFT elevation
wasdefinedasALT/AST/GGT >3x upperlimit of normal (ULN) or BIL/ALP >2x ULN. CF-
associatetiver diseas€¢CFLD)wasdefinedaccordingto recentlypublishedguidelinedor the
diagnosisndmanagementf CFLD[31]. Pulmonarydiseasseveritywasdividedinto three
groupsaccountingFEV1>70percentof predicted(pp) as mildAdiseaseFEV140+69p as
‘moderatediseaseand FEV1<39pp as severelpdvanceding diseaseT his established
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classificatiorhasbeenadoptednternationallyasa categorizatiorof diseasaeverityfor CF
[32+34].Statusof PsAand SAcolonizationweredefinedaccordingto Leed<riteria[35].

Data analysis

Statisticahnalysesvereperformedwith SPSSyersion23.0(IBM Corp.2015Version23.0.
Inc., Armonk, NY, USA).Normal distribution of the datawastestedusingthe Kolmogorov-
Smirnov(K-S)test.Parametridestswereusedio comparemeansdetweertwo independent
samplegtwo-tailed Studentt-Test) or morethantwo groups(ANOVA), whenthesamples
werenormally distributed.When criteriafor normal distribution werenot met,nonparametric
testswerechoseno detectstatisticadifferencein meansof two independensamplegMann-
Whitney U test)or morethantwo groups(Kruskal-Wallistest).Nominal datawerecompared
with Chi-squardestor Fisher'sexacttestsasappropriate Correlationsbetweervariablesvere
examinedusingthe Pearson'sorrelationcoefficientthe Spearman'sank correlationcoeffi-
cientandthe meansquarecontingencycoefficientasappropriate Dataaregivenas

meanst SD.A p-value<0.05indicateda significantdifferenceor correlation.

Results
Baseline characteristics of the total study cohort

BetweerApril 2015andDecembe015atotal of 131CF patientsattendedn the JendJniver-
sity CF centerwereincludedinto the prospectivestudy. Themeanagewas19.1+14.3ears.
MeanFEV1was84%predicteénd 31 patients(24%)had CF-relateddiabetespf whom 14
(45%)wereinsulin dependentCF diagnosisnostfrequentlywasestablishedn the basisof
eitherpredominantGl or respiratorysymptomswhereby24%of the patientspresentedh
combinationof symptoms CFTR genemutationswereidentified on both allelesn all patients.
ThemostcommonCFTR mutationin the Germanpopulation,F508del, wasdetectedn 117/
131(89%)of theincludedCF patientswith 56 (43%)beinghomozygoudor this CFTR defect.
G551D wasdetectedn 17 patients(13%).Furthercharacteristicef CF patientsarepresented
in Tablelandin S1Table.

JenAbdomen-CF Score 1.0

Abdominal symptoms. Abdominalsymptomsduring the previousthreemonthswere
reportedfrom all CF patients Most commonwerelackof appetite(99%)andlossof taste
(91%;Table2) followedby abdominalpain (79%) flatulence(78%),and abdominaldistention
(63%;Fig 3A, Table2). Interestingly childrenreportedto havemore abdominalpainthan
adults(87%vs.70%;p = 0.022) while adultsmore frequentlyreportedabdominaldistention
(79%vs.51%;p = 0.001)and heartburn(61%vs.22%;p<0.001fig 3B).11%of patientsadmit-
tedtheyforgotto takepancreagnzymeatleastonceaweek.Thesepatientsdid not reportsig-
nificantly more GI symptomshan patientswho hadgoodadherencéo treatment(21.7vs.
19.6scorepoints;p = 0.280).

Abdominal pain. Themostfrequentlocationsof abdominalpainwerethe umbilical
(83%)andepigastriaegions(11%),and8%of patientsreporteda radiation of painto the dor-
sum(Fig4). More thanonepainlocationwasreportedby 28% .Painintensityon the visual
analoguescalgVAS)resultedn ameanof 3.40f maximally10points (SD:2.3).0f these
patients,7%hadmild- (VAS:1-3pts),43%moderate{VAS:4-5pts),and 30%severgain
(VAS: >5pts).Thereby 34%reportedafrequencyof abdominalpain occurring atleastoncea
weekATable3). Mostcommonquality of abdominalpain experiencedvere pullingA42%),
“colickyA41%)and sharpA28%).49%of patientsdescribecabdominalpain lasting lesghan
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Table 1. Patient characte ristics.

Variable Frequency (n =131)
Gender
Male 58/131 (44.3%)
Female 73/131 (55.7%)
CFTR genotype
F508del/ F508del 56/131 (42.7%)
F508del/ other 61/131 (46.6%)
G551D/ other 17/131 (13.0%)
ther/ other 14/131 (10.7%)
Age (y)
0-5 23/131 (17.6%)
6-11 27/131 (20.6%)
12-17 24/131 (18.3%)
>18 57/131 (43.5%)
Nutritional status ( 18 yrs.)
Underweight 6/74 (8.1%)
Short stature 2/74 (2.7%)
P. aeruginosa (PsA): chronic 41/129 (31.3%)
P. aeruginosa (PsA): intermittent 16/129 (12.2%)
Antibiotic therapy
Intravenous therapy 27/131 (20.6%)
Oral therapy 85/131 (64.9%)
Inhaled therapy 55/131 (42.0%)
Abdominal surgeries
Laparotomy 17/131 (13.0%)
Small bowel resection 12/131 (9.2%)
Appendectomy 12/131 (9.2%)
Elevated liver function test (LFT) 90/129 (69.8%)
CF abdominal manifestations
Exocrine pancreatic insufficiency (PI) 121/131 (92.4%)
PIP score ‘mild” 4/116 (3.4%)
PIP score ‘moderate-severe” 112/116 (96.6%)
Meconium ileus (MI) 12/131 (9.2%)
Distal intestinal obstruction syndrom (DIOS) 11/131 (8.4%)
Rectal prolapse 14/131 (10.7%)
CF-associated liver disease (CFLD) 25/122 (20.5%)
CF-related diabetes (CFRD) 31/131 (23.7%)

https://cbi.org/10.1371djurnal.por.0174463.t00

45minutesfandasmallsubgroupof patients(8%)lasting fivehours/or “longerAlt appeared
morefrequently duringmealsA35%), beforebowelmovements£34%),and “duringstressful
eventsA12%).Interestingly asmallsubgroupof patients(3%)reportedthat painis relieved
“afterantibioticsadministrationfand 10%reportedameliorationby “bowelmovementsA.
The percentagef missingitem responsesn the abdomenscorewas4.8% Abdomen
scoresverenon-normallydistributed(differentsizesof subgroupse.g. Pl andPS)with a
mean/median(range)of 19.3/18.q3+46) Altogether femalepatientsrevealedlightly higher
abdomenscoregshanmales(20.4vs.18.0;p = 0.139) Moreover,no significantdifferencewas
observecamongagesubgroupg<18y:19.7vs.>18y: 18.9;p = 0.385)In contrast signifi-
cantlyincreasedASwerefound in patientswith history of rectalprolapsg(p = 0.013) distal
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Table 2. Frequency of abdomi nal sympto ms in patients with CF.

Abdominal sympto ms (ltem) Respond ed Reported sympto m? [n] Mean sympto m score ® (SEM)
[0]

Lack of appetite 99.2 130 2.1(0.1)
Loss of taste 90.8 119 1.6 (0.1)
Abdominal pain 100 104 iic
Flatulence 95.4 102 2.6(0.1)
Abdominal distention 81.7 83 1.9(0.1)
Pain during bowel movements 96.2 58 1.5(0.1)
Fatty stools 97.0 57 iid
Soft and hard stool consistency 98.5 54 ife
Heartburn 92.4 51 1.9(0.1)
Reflux of stomach content 94.7 49 1.6 (0.1)
Nausea 99.2 48 1.4(0.1)
Constipation 95.4 40 1.7 (0.1)
Vomiting 99.2 32 1.3(0.1)
Forced feeding 99.2 20 iid
Soft stool consistency 98.5 12 ii®
Pale stool 98.5 6 i
Hard stool consistency 98.5 2 ii®
Tarry stool 98.5 2 iif

&ltem scale ‘1-5" (anything but ‘0°)

Pwithin the respective item (item scale ‘1-5")
‘response type: Likert

dbinary response type

®Bristol Stool Form Scale

fStool Card Color

https://da.org/10.1371durnal.pon®174463.t002

intestinalobstructionsyndrome(p = 0.013))aparotomy(p = 0.022) meconiumileus

(p = 0.037) pancreatidnsufficiency(p = 0.042) or smallbowelresection(p = 0.048)aswell as
in patientswho havebeenintermittently colonizedwith PSA(p = 0.006)comparedo patients
without history of theseeventqFig 5). For appendectomya strongtrend wasseenp = 0.053;
Fig5).

CFTR genotype. Patientavho carrymild genotypegPIP score<0.25)hadsignificantly
lowerratesfor Gl symptomscomparedo thosewith severenutations(PIP score>0.25)(11.0
vs.19.6;p = 0.042)In addition, patientswith a G551D mutation on atleastoneallelehadsig-
nificantly lowerJenAbdomen-CFlScored .0comparedo patientswithout this mutation (15.6
vs.19.9;p = 0.020) Of thesepatients 59%(10/17)weretreatedwith ivacaftor(Fig 6).

CF-associated liver disease (CFLD). A total of 122(93%)patientswereassessefr a
diagnosiof CFLD.Patientsvho underwentliver transplantation(n = 2) or had <2 consecu-
tive examinationsspanninga 1-yearperiod (n = 7) wereexcludedrom the evaluatiorof a
liver diseaseTwenty-fiveof 122patients(21%)metthe criteriafor CFLD and severof these
hadliver cirrhosis(6%o0f all includedpatients).Therewereno significantdifferencedetween
CFLD patientsandthosewithout liver involvementconcerningthe JenAbdomen-CIScorel .0
(18.3vs.19.8;p = 0.487) Interestingly JenAbdomen-CIScorel .0did not differ significantly
betweemon-cirrhotic CFLDindividualsand CF patientswithout liver involvement(17.9vs.
19.8;p = 0.462) Evenin cirrhotic CFLDindividuals,JenAbdomen-C5corel.0did not reveal
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Fig 3. Abdom inal symptoms in patients with CF. Frequencies of abdominal symptoms in CF patients of all ages (Fig 3a) and in children compared with
adults (Fig 3b). N.d.—not determined (missing data).

https://doi.org/10.371/journal pne.0174468003

asignificantdifferencewhencomparedo patientswithout liver involvement(20.0vs.19.8;
p=833).

Liver enzymes in serum. Of the 131patients,129weretestedfor liver enzymesn the past
threemonths.A total of 90/129participants(70%)hadatleastoneelevationabovethe ULN
and 14%(18/129)presentecklevation®f LFT considerecasPCS Therewasno statistically
significantdifferencen meanJenAbdomen-CFiScored..Obetweerpatientswith andwithout
elevated FT (19.6vs.18.9;p = 0.699) Similarly,therewasno differencebetweerLFT consid-
eredasPCSandthosewithout PCSconsideration(19.6vs.19.3;p = 0.897).

Nutritional status. No significantdifferencesn JenAbdomen-CKcorel.Owere
observedetweerCF patientswith areduced(nutritional failure) and stablenutritional status.
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Additionally, therewereno significantdifferencesn JenAbdomen-CIScorel.Obetweemeg-
ativeandpositivechangesn Wt, Ht andBMI in the previous3, 12,and 24 months(datanot
shown).

Lung function. Patientswith “severeling diseasshowedslightly decreasedcorescom-
paredto patientswith “moderatefAing diseas¢17.2vs.19.7;p = 0.360)and "mildAlung disease
(17.2vs.19.5;p = 0.402).

Antibiotics. Of allincludedpatients 97 (75%)weretreatedwith oral,intravenouspr
inhaledantibioticsduring the pastthreemonths.AveragelenAbdomen-CiScored .Owere
slightlyhigherin childrenwho receivedanyantibioticstherapycomparedwith adultstreated
with antibiotics(20.5vs.18.9;p = 0.175) Amongall patientswho receivedantibiotics,patients
treatedwith ciprofloxacinand/or meropenentendedto scorehigherthan patientstreated
with anyotherantibiotics(23.3vs.19.0;p = 0.085).

Discussion

Although Gl involvementis ahallmarkof CF,until nowit receiveccomparativelyittle clinical
and,evenlessscientificattention.To our bestknowledgeGl symptomsn CFasamultiorgan
manifestatiorhavenot yetbeensystematicallguantified.Here,we presentdataof anewques-
tionnaire assessinthe complexityof GI symptomsrom 131CF patientsof all agesthe ques-
tionnaire prospectivelyghallbeelaboratedo astandardizedndvalidatedabdominalCF
scoreconsideringthe FDA guidelined19]. Additionally, quantifiedsymptomswererelatedto
phenotypiccharacteristicandto laboratoryfindings. The JenAbdomen-CFScorel.0
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Table 3. Abdomin al pain characterist ics.

Characte ristic
Intensity (VAS)
Frequency
Never
Ca. once a month
Ca. once a week
Each 2-4 days
Almost daily
Daily
Location
Umbilical
Right hypochondriac
Epigastric
Left hypochondriac
Left lumbar
Right lumbar
Leftiliac
Hypogastric
Right iliac
Quality
Pulling
Colicky
Sharp
Burning
Pressing
Crampy
Duration (min)
0
45
45-90
91-180
181-360
1360
Onset
Suddenly
Progressively
Radiation to dorsum

VAS: visual analogue scale

https://da.org/10.1371durnal.pon®174463.t003

27/131
59/131
25/131
9/131
9/131
2/131

77/93
2/93
10/93
2/93
9/93
9/93
3/93
9/93
9/93

35/83
34/83
23/83
4/83
3/83
2/83

26/108
53/108
6/108
11/108
3/108
9/108

50/81
31/81
7/90

Total (n =131)
34 23

20.6%)
45.0%)
19.1%)
6.9%)
6.9%)
1.5%)

—_ =~ |~~~

(42.2%)
(41.0%)
(27.7%)
(4.8%)
(3.6%)
(2.4%)

24.1%)
49.1%)
5.6%)
10.2%)
2.8%)
8.3%)

—_ e~~~ |~ |~

(61.7%)
(38.3%)
(7.7%)

10/74
29/74
21/74
6/74
6/74
2/74

48/54
1/54
6/54
1/54
4/54
1/54
0/54
3/54
2/54

19/44
17/44
11/44
1/44
2/44
1/44

10/58
37/58
4/58
2/58
2/58
3/58

27/44
17/44
5/52

Children (n =74)
3.7 “2.1

(13.5%)
(39.2%)
(28.4%)
(8.1%)
(8.1%)
(2.7%)

(88.9%)
(1.9%)
(11.1%)
(1.9%)
(7.4%)
(1.9%)
(0.0%)
(5.6%)
(3.7%)

(43.2%)
(38.6%)
(25.0%)
(2.3%)
(4.5%)
(2.3%)

(17.2%)
(63.8%)
(6.9%)
(3.4%)
(3.4%)
(5.2%)

(61.4%)
(38.6%)
(9.6%)

17/57
30/57
4/57
3/57
3/57
0/57

29/39
1/39
4/39
1/39
5/39
8/39
3/39
6/39
7/39

16/39
17/39
12/39
3/39
1/39
1/39

16/50
16/50
2/50
9/50
1/50
6/50

23/37
14/37
2/38

Adults (n =57)
3.1 “25

(29.8%)
(52.6%)
(7.0%)
(5.3%)
(5.3%)
(0.0%)

(74.4%)
(2.6%)
(10.3%)
(2.6%)
(12.8%)
(20.5%)
(7.7%)
(15.4%)
(17.9%)

(41.0%)
(43.6%)
(30.8%)
(7.7%)
(2.6%)
(2.6%)

(32.0%)
(32.0%)
(4.0%)
(18.0%)
(2.0%)
(12.0%)

(62.2%)
(37.8%)
(5.3%)

questionnairds asimplebut meaningfultwo-pagenstrumentcapablego detectdifferences
betweerseveralCF phenotypiccharacteristicsasshownwithin this publication.For purposes
of monitoring, it canquickly andthereforeroutinelyfilled-in at on-sitevisits.In clinicaltrials,
it canbeimplementedasan additionaleasyandinexpensiveéool of, howeverhighrelevance.
Firstof all, our studyshowedhat all includedCF patientspresentedit leastoneabdominal
symptomwithin the precedinghreemonths.A high prevalenceateof Gl symptomsn 60%
of 70CF patientshasalsobeenreportedin arecentsurveyby Fraquellietal.[36]. This study,
howevergconsideredhlowernumberof itemsfor the evaluationof the GI symptomg7 items,
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Fig 5. JenAbdo men-CF Score 1.0 of patients presenting indicated abdominal manifes tations and complica tions of surgery in compariso n with
patients without history of these events (@). Int PsA—intermittently colonized with P. aeruginosa, chr PsA—chronically colonized with P. aeruginosa.
Means “SEM.

https://da.org/10.1371¢urnal.pon®174463.90D

comparedo 17itemsin the JenAbdomen-CIScorel.0)whatmight explainthe differencein
the prevalenceates Neverthelesdigh prevalenceatesof G| symptomsareknown to berep-
resentativen CF.Forreason®f comparisongleardistinction, and specificationage-matched
healthycontrolsshouldbeincludedin future researcton CF-relatedGl symptomsusingthe
questionnaire.

In our study,aroundone-third (34%)of CF patientsexperiencedtleastoneepisodeof
abdominalpain perweekwith asmallsubgroupsuffering’almostalwaysA7%)and “alwaysA
(2%)from therelevantsymptom.By comparisonMunck etal.[14] reportedaverylow preva-
lenceof recurrentabdominalpain (RAP) of 6%,yetusingthe more strict Apley'scriteria (at
leastthreeboutsof pain, severeenoughto affectoneAsictivities overaperiodof not lesshan
threemonths,with attackscontinuing in the yearprecedinghe examination)[37]. In our
study,the meanabdominalpain intensitywasindicatedasmoderate(3 VAS pts; median= 4/
max= 10)and of relativelyshortduration (<45min), whichisin therangeof previousreports
[8,10]. Themajority of studieson abdominalpainin CF,howeverdid not specifythelocaliza-
tion of pain[8,10,38,39].

In the 85%o0f patientswith exocrinePl, enzymesubstitutionmayrelievemanybut not all
Gl symptomsTherebyJow treatmentadherencés considereda major causeof increased
symptomatologyThatadherencéo pancreatieenzymeintakewasself-reportednay consti-
tute alimitation of our study,asmaladherencenight beunder-reported Of all includedPI
patients,76%statedto havetakentheir enzymesegularly(neveror lesghan onceamonth
missedadose) Furthermore 3%statedto haveforgottenthemseveratimesaweek,7%about
onceaweekand 14%severatimesamonth. This self-reportedateof adherenceegarding
enzymentakeis comparativehhigh. ForinstanceModi etal.only estimatecanadherence
rateat 50%or below[40]. Comparedo objectivemeasuresself-reportsn generainvolve
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someuncertaintyand maybebiasedor severateasonsln consecutivestudiest would be
mostinterestingto useobjectivemethodsto measureadherencéo enzymeintakeandits cor-
relationto symptomsbut possibilitiego effectivelyandobjectivelycontrol intake of tablets
within daily life aremarkedlylimited.

Altogether,in our study,femalesubjectsevealedlightlyhigherJenAbdomen-CKScorel.0
valueghan males.To someextent,this maybeexplainecby anoverlapwith somesymptoms
associatewith the menstruationcycle.ln accordancesignificantlymore abdominalpain has
beendescribedothin CFandin healthypubescengirls[14,41].0f note,our studyrevealed
no differencesn the overallabdomenscoredetweerthe agegroups.Thisaccordsvellto a
recentsystematiceviewshowingthat prevalencendintensity of nonspecifigpain wasnot
linkedto agein CF[12].

Our resultsshowedslightlyhigherabdomenscoresn patientswith mild lung symptom-
atology(FEV1>70pp; 19.5scorepoints)comparedo patientswith severdung diseaséFEV1
<39pp; 17.2scorepoints).In line with this, it hasrecentlybeennoticedthatmild lung disease
in CFis associatewith more severeextrapulmonarymanifestation$42].

In generalCFLDrevealsslowprogressioroveryearsandevendecadesnd oftenis
asymptomatiantil mostadvancedtage$31,43,44]In accordanceyedid not seadifferences
in abdomenscoreamongnon-CFLD,non-cirrhotic CFLD,andcirrhotic CFLD groups.Fur-
thermore,six of the severtirrhotic CFLDindividualsincludedin our studywereclassified
with Child-PughscoreA indicatingcompensatedver cirrhosiswithout signsof portal
hypertension.

In our study,CF patientswith nutritional failure (reducednutritional state)did not report
higherratesof GI symptomsThisfinding canbeexplainedoy theretrospectiveandcross
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sectionakharacteiof our questionnaireln aprospectivestudy,Shoffetal.[45] reportedthata
betternutritional statuswvasassociatewith increasedHRQoL scoresThis questionnaire,
howeverjncludedonly oneitem on “digestivesymptomsAThus, further prospectivestudies
usingmeaningfulquestionnairesirewarrantedto evaluateheimpactof Gl symptomson the
nutritional statusof CF patients.In this respectadditionalfactorsthat contributeto growth
failure suchasintestinalinflammation [46+49]and dysbiosi§50,51]shouldbeconsidered.

A mainfinding of our studywasthat the majority of patientswho underwentlaparotomy
scoredhigherthanthosewithout suchsurgery.This might beattributedto amore severe
courseof gastrointestinatlisease;ausingvolvulus,intestinalatresiajntussusceptionMl, and
DIOSin thesepatientsInterestingly,n 150f thesel7 patients PIP scoresvere>0.96that
accordgo Plin almostall of thesepatients.

Amongchildrenandadolescentghosewhoreceivedseverahntibiotici.v. coursegended
to sufferfrom more pronouncedGl symptomsthan patientswithout antibiotic treatments.
Especiallyarlyin life, antibiotic treatmentmayaffectthe intestinalmicrobiotawith putative
long-termhealthconsequencds?2]. The usageof broad-spectrumantibioticshasbeensus-
pectedo increaseherisk of abdominalpain on the onehand[52]. On the otherhand,it has
beenassociatedith areductionin physiologicahnaerobicspeciesndenterobacterién the
intestinalflora[53,54].Somestudieshaveshownthat ciprofloxacinparticularlysuppresses
gram-negativeodssuchasEnterobacteriaceae and Bacteroides specie$s5,56],thuspromoting
dysbiosisn CF[50]. In accordanceweobservedighersymptomscoresn patientswith inter-
mittent P. aeruginosa colonizationwho oftenreceivdongercoursef ciprofloxacin.

Altogetherthe 17 CF patientsof our cohortcarryingatleastone G551D-CFTR mutation
showedowerscoreghannon-G551D-CFTR patients(13.6vs.17.0;p = 0.029) As 59%of
thesepatients(10/17)receivedvacaftoratthe time of questioningwe cannotdistinguish
whetherthis outcomewasdueto therapyor becausef the generammilder clinical phenotype
comparedo F508del, aspreviouslysuggestefb7,58].In addition, patientstreatedwith ivacaf-
tor (IVA) reportedsignificantlylowerscoresn comparisorwith non-G551D-CFTR patients
(11.7vs.17.0;p = 0.032)In line with this,wehereinproposethe usageof our questionnaire
with speciaemphasi®n its valuefor future clinical studiesAs CFTRmodulatorssuchasIVA
actsystemicallythe assessmeratf changesn abdominalsymptomss of outstandinginterest,
especiallysincefirst CFTRmodulatorsfor frequentmutationslike F508del arenow available
[59], andmanystudieswith novelmodulatingsubstanceareon theway.Thereby adeeper
understandingof the complexabdominalinvolvementis neededandassessmeratf change®f
abdominalsymptomsduring CFTRmodulationis of highinterest.In light of this, the comple-
mentingusagef PROMssuchassymptomqguestionnairedike the hereinpresenteds
promising.

Asmentionedabovepnelimitation of our studyisits retrospectiveharacterFurthermore,
missingvaluesn the questionnairaverereplacedy zerowhatmight haveintroducedbiased
estimatesnterferingwith thefinal score However the percentagef missingdatawasonly
4.8%whatcanbeconsideredaslow, accordingto Monte Carlo[60].

Finally,from our datawe canconcludethat patientswith aseverecourseof the diseaser
with genotypegausingamoderateto severabdominalinvolvement(whatat the sametime
morefrequentlyis associatew@ith historyof DIOS,MI, Pl andrectalprolapsesaremorelikely
to havehigherratesfor GI symptomsConcurrently,Gl symptomatologyvasnot associated
with CFLDor elevated FTs.

Meanwhile wehaveelaboratedrevisedandimprovedversionof our questionnaireand
thededucedlenAbdomen-CFScorewhich now will undergothe following steps:
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- Evaluationof reliability of the questionnaireoy examininginternal consistencyandcon-
structvalidity,

- Evaluationof reproducibility of the questionnaireby re-testingof patients,

- Assessmerdf cross-generationapplicabilityof the questionnairéby subscoringpf age
groups,

- Evaluationof the responsiveness the scoreby comparisonwith age-matchethealthy
controls,

- Evaluationof the powerof the questionnaireoy comparisonwith the CysticFibrosisQues-
tionnaire Revised CFQ-R)whichinquiresmainly QoL items,

- Assessmerdf applicabilityof the questionnairén other CFcenters,

- Assessmertf putativerelationshipsof abdominalsymptomswith faecainflammatory
markers.

Prospectivelyweaim at disseminatingandapplyingour JenAbdomen-CFRScoreto alarger
patientcohortnot only in Germanybut alsoin othercountriesin orderto assespracticability
of the questionnaireand provideproof of principle for the significanceof thethuscalculated
scoreon Gl involvementin CF.
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